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SUMMARY

The OSU Model C90TD11 PCM decoder has been developed for convenience in

checkout and qualification testing of the continuing series of Model C40BEO1B

airborne PCM encoders constructed under AFGL contract, for installation in

"falling sphere" instruments used to measure atmospheric density and wind

structure.

The decoder is a small self-contained item of ground support equipment

which may be used for bench test and checkout, or for field support applica-

tions during rocket launch activities. It provides panel readout (in digital

or analog form) of the data from the decoder. A total of eight outputs in

analog form, suitable for use with conventional strip-chart recorders, are

available. Two channels are permanently dedicated to words 13 and 14 of the

normal format, while five others may be switched to any desired word within

the minor data frame. A sixth switchable channel may be used either for de-

coding subcommutated housekeeping data within word 15, or for a selected word

from 8 to 15 within the minor frame.

A parallel data interface connector permits use with the computer-con-

trolled automatic temperature qualification test equipment used in final

testing, in order to provide hard-copy documentation of test results.

The report covers design details, theory of operation, and test pro-

cedures. In addition, an updated description of the automated test set-up

is included; an appendix covers the computer software used in performing the

automated test.
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SWITCHABLE 10-BIT PCM DECODER

(Test of Falling Sphere Encoder)

1.0 INTRODUCTION

1.1 The OSU model C90TDI2 switchable 8-Channel 10-bit PCM decoder was

developed for test and checkout of the 10-bit airborne encoders, constructed

for use in the Accumetrics falling sphere instrument. The model C40BEO1 en-

coder, developed for this purpose, has been described previously (Reference 1).

The decoder was developed as a portable self-contained instrument, capable of

facilitating bench tests of the encoders when built and interfacing with the

automated PCM encoder temperature test equipment constructed by OSU for temp-

erature test qualification of completed encoders. It is also usable for field

support, in decoding the incoming telemetry from the sphere instrument and pro-

viding suitable analog outputs for strip-chart recorder.

1.2 Characteristics of the PCM signal to be decoded are as follows:

20 Kilobit per second Biphase-Level coded data, most significant bit first,

with a word length of 10 bits and a minor frame of 16 words. Subcommutation

is provided through an 8-frame subcom, available in the word 15 position.

Minor frame synchronization is in the form of the standard 10-bit Barker code

(110 111 000 0), inserted in the "word 0" position, with alternate frames in-

verted to the binary complement of the Barker code. No subframe ID is provided;

subframe synchronization in the "frame 0" position is provided by a subframe

synchronization word of ten consecutive O's. Normal data input span is bipolar,

from -5.00 volts (all "0" code) to +5.00 volts (all "I" code). Subframe data

input range is restricted to the positive end of this range (0 volts = 100 000

000 0, +5 volts = 111 Ill Ill 1).

1.3 Previous test equipment developed for this same purpose included a

special test set, designed to permit operation of the encoder independent of

the instrument and to facilitate initial test and setup of the encoder analog-

to-digital converter. Details of this test box and its proper use have been

described previously (P~ference I Section 4.0). As an auxiliary aid to use

of this falling sphere _. run c, a special dedicated "all-words" PCM decoder,

complementing the airborne sphere encoder, was also constructed, and has been

previously described (Reference 2, Section 8.4). The model reported herein

was based on a somewhat simplified version of the original "all-words" decoder,

4



repackaged into a size which can conveniently be carried in an ordinary brief

case or attache case (3"x8"x12", exclusive of connectors).

1.4 Special features incorporated into this new piece of apparatus are

as follows:

(a) Six switchable analog equivalent outputs, capable of driving ani

associated strip chart recorder with 0 to +5 volt drive at 12 milliampere maxi-

mum current, together with two additional analog outputs with similar character-

istics, permanently wired to words 13 and 14. (This provides a capability of

driving the standard 6-channel Brush recorder. If an 8-channel recorder is

available, it permits addition of the commonly monitored word 13 (nutation out-

put) and word 14 (Supply voltage monitor) from the associated instrument.)

(b) One of the selected outputs is provided with both a 10-bit digital

binary light display and an analog monitor signal, adjustable for conversion

of the binary digital data to the normal analog equivalent voltage of 0 to 5.00

'9I

volts full scale. In addition, a second one of the switchable outputs is so

wired as to permit its use with either selected main words within the stream,

or for subcommutation of the housekeeping data in word 15. (This system is

restricted to 8-bit digital-to-analog conversion, but does include an adjustable

analog monitor signal of the decoded subcommutation data.)

(c) Circuitry is also provided internal to the decoder to permit inter-

face directly with the OSU computer-controlled automated temperature test appa-

ratus (Reference 3). A standard 50-pin parallel data output connector is available,

which provides both ten-line parallel data fro, the decoder, and binary-coded-

decimal two-digit word address information.

(d) As a convenience for field operation, the system has also been

provided with an accessory line driver, with BNC input and output connections

and a gain control, to permit its use to drive external apparatus through a

long coaxial cable, terminated to minimize reflection. n addition, a micro-

phone preamplifier has also been provided internal to the uit, with standard

Littleplug 12B input connector and BNC output, also with adjustable level.

biis is for convenience In adding audio to the associated tape recorder when

using the device under field conditions.) The decoder also provides a monitor

of the biphase-Level signal input sd the NRZ-Level output data from the shift

register internal to the unit, as well as synchronizing signals at bit rate,

word rate, frame rate, and subframe rate, all automaticall derived within the

uniL.
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2.0 SI4PLTFIED THEORY OF OPERATION (Refer to Block Diagram B90TDL1, Figure 1)

2.1 Incoming data from PCM system (either directly from the encoder under

test, or from the associated telemetry ground station in flight) is brought into

the unit through the Op/Cal switch to a data conditioner, which serves to stan-

dardize the PCM biphase data to the desired 0 to +5 volt logic level, squared

and shaped for proper operation in following circuitry. A transition detector

within the data conditioner is used to generate clocking by detecting the mid-

bit transistion present in the biphase level signal and using it to trigger a

bit clock multi-vibrator, ICI08, which provides timing to the remainder of the

unit. Bi- clock pulses are counted down 10 to 1 in IC109, to provide an output

at word rate. This clock is then counted down to the 16 consecutive words which

constitute I frame by word counter ICII0. Reset pulses at frame rate from the

word counter are also combined with the subframe synchronizing signal and used

to operate a frame counter, IC121, counting down by a factor of 8 to the major

frame frequency.

2.2 Conditioned data is fed through a sync inversion gate, whose operation

will be described later, as serial data input to a 20-bit shift register, using

ICI15/116/117. Inversion of alternate frames of the synchronizing signal prior

to entry in the shift register insures that all data within the shift register

is in "normalized" form. This data is clocked through by the bit clock signal

from IC108A and continuously provides two consecutive words of data from the

incoming stream, for use within the remainder of the unit.

2.3 The shift register, at the time of synchronization, contains word 15

of one frame and word 0 of the next following frame. Ten bits of the shift

register then contain the main frame synchronizing signal code, and the other

ten bits hold the pattern present in word 15 from the preceding frame. A frame

synchronizing detector, ICI18/119, detects the proper pattern of l's and O's and,

as the last bit of the synchronizing word enters the shift register, provides

an output frame synchronizing signal, which is used to trigger a blanking flip-

flop ICilI, generating a frame reset pulse to bit counter, word counter, and

frame counter, as well as to the word address generator portion of the circuit.

During the frame synchronizing pulse which immediately follows the subframe

synchronization pattern of all O's, a similar subframe sync detector has 10

consecutive O's clocked in, and thus gates the detected subframe sync with the

main frame sync, to provide an output signal for the subcommutation portion of

the decoder.
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2.4 Inversion of the alternate incoming synchronization signal is ac-

complished by counting down consecutive frame sync reset pulses in the flip-flop,

IC105A. The Q output from this flip-flop is used to set gate generator flip-flop

IC105B, which is then reset by the "word 15" signal from the word decoder. The

Q output of the gate generator flip-flop is then combined with alternate frames

from ICI05A by inversion gate IC104A and used to control one input signal to

exclusive or gate IC107D. The net effect is that the sync inverter gate ICI07D

operates as a normal buffer amplifier for all data words and for every other

frame synchronizing word; during word 15 of every other frame, this chip be-

comes an inverter, thus restoring the "normal" synchronizing wave pattern.

2.5 The bit-clock multivibrator signal from ICI08A is counted down by a

factor of 10 in bit counter IC109. The output signal is used to trigger word

counter IC11O and word address generator IC128; the reset bit signal from the

same decade counter is used to trigger a word clock multivibrator, ICL08D. The

word clock is derived from the output signal of this multivibrator. This word

clock signal is then used in the remainder of the circuit for clocking purposes.

Word counter ICI0 provides address lines to the word decoder, IC113/114, which

provides a sequence of sixteen word outputs on separate lines for words 0 through

15, used in timing all of the digital-to-analog converter circuits which follow.

In a similar manner, "reset signals" from the sync blanking flip-flop are used

as frame clock input to a frame counter/decoder, IC121, which is reset by the

detected subframe synchronization. This decoder then provides a sequence of

eight output lines for frames 0 through 7, for use as timing for the subcommu-

tation portion of the circuit.

2.6 Operation of the "Selected Word" digital-to-analog conversion portion

of the circuit typifies the philosophy used throughout the decoder. Undelayed

10-bit data from shift register input line is clocked into shift-and-store

0'O register, IC122/123, by the bit clock line and then strobed into latch form

by the "selected word" gate pulse. This is selected by S103, one section of a

hexadecimal switch, permitting selection of words 0 through 15. The shift

register output is then latched in ten-line parallel output form at the output

of the shift-and-store register. The 10-bit pattern is provided as a visual

digital display by ICI and IC130, driving an array of 10 LED indicators on

the front panel. Simultaneously, the 10 parallel data lines are fed as parallel

input to a 10-bit digital-to-analog converter, IC124. The analog equivalent of

S this digital word is used as input to IC125, an operational amplifier provided
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with gain and zero adjust controls, so as to scale the output properly to a

0 to +5 volt analog voltage form. This signal is displayed on analog meter

Mi01, and also is taken through an attenuator pot to a jack on the rear,

where it may be used to drive an associated galvanometer.

2.7 Channels "A" though "D" of the decoder operate in exactly the same

form, but operate from an input data line which is delayed two bits in order

to use the most significant 8 bits for the associated 8-bit DAC. (The data is

clocked through with a 2-bit delay to insure the right 8 bits are in place, and

then strobed into position by the selected word gate from additional sections

A through D of hexadecimal switch S103.) The 8-line parallel output is then

converted to analog form and fed through a simple operational amplifier to an

associated galvanometer output. No analog or digital display is provided for

these four circuits.

2.8 The "E" channel of the decoder is provided with two modes of operation:

it can operate either in the"normal" data mode for selected main frame word 8

through 15, or in a "housekeeping" mode in which the operation is on one se-

lecLed frame of word 15, through position 0 through 7 of the section S103E of

the hexadecimal switch. In the "normal" data mode, operation is exactly as

described above; in the "housekeeping mode", subcommutation input is used and

the strobe pulse is derived from a selected frane from the frame counter.

Toggle switch S102 selects either "normal" or "housekeeping" mode. In the

housekeeping mode, the first bit of the 8-bit signal is grounded and the scale

factor for associated amplifier IC133E is adjusted by changing the feedback

resistor. By this means, the most significant bit of the signal, which serves

only to indicate that the data is of positive polarity, is deleted from the

conversion process and the amplifier gain is increased by a factor of 2, so

that the 0 to 5 volts analog output range corresponds to a true 0 to 5 volt

"housekeeping data" input range. This channel is also provided with an analog

display meter, as well as the galvanometer output.

2.9 Two additional digital-to-analog converter channels are provided,

but are not switchable. These sections of the decoder provide an analog

equivalent of words 13 and 14, and are hardwired to the word decoder lines

fer word 13 and 14. The 8-bit delayed data is again strobed into position at

the time of the two desired words, converted to analog form, and fed through

an operational amplifier to an attenuator, permitting adjustment of each

associated galvanometer.
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2.10 As an indication to the operator that PCM data is being entered and

properly decoded, the decoder is provided with a "lock-loss indicator". This

panel-mounted LED, ICl0]F, can be illuminated by any of the following conditions:

loss of data, loss of frame synchronization, or loss of subframe synchronization.

(In the loss of subframe synchronization, the "lock-loss" light will blink; loss

of data or frame synchronization will provide steady illumination of the light.)

Operation is as follows:

(a) In the event there is no data input to the decoder, IC107C in the

data conditioner circuit will detect the fact that a PCM wavetrain is not pre-

sent. This will then send a DC signal through "or" gate IC102A, illuminating

the lock-loss indicator through ICIOIF, the lamp driver.

(b) In the event frame synchronization is lost, word counter ICI0

will not be reset by a detected frame synchronizing pulse. A signal from the

word counter will then be fed through the "or" gate, ICI02B, as a trigger to

the lock-loss multivibrator, IC103B. The multivibrator time constant is set

so the period is such that the output which occurs at each failure to detect

frame synchronization is adequately long to feed through gate ICI02A to the

lock-loss indicator, thus causing it to glow, even if the "data loss" line is

not high.

(c) When operating in the "housekeeping" subcommutation mode, an out-

put from the frame counter IC121 is also generated if S.F. synch is lost. This

is coupled through IC102B and triggers the lock loss multivibrator. This will

also generate a multivibrator pulse sufficiently long to illuminate the "lock-

loss" indicator. However, the low frequency of the subframe synchronization

signal is such that the light will visually flicker under these conditions, in-

dicating that the loss is in the subframe synchronization only. (In the event

the decoder is operated in the "normal" mode without subcommutation capability,

this portion of the circuit is disabled.)

Note that, if in the calibration mode, the data loss line will not be en-

ergized, since it will be driven by the cal clock generator. However, the fact

that there is no frame synchronizing word in the cal mode will cause the "lock-

loss" light to come on, indicating that the system operation is abnormal when

in the "calibrate" mode.

2.11 As a convenience to the operator in adjusting the scale factor for

"Selected Word" and "E" channel outputs to the desired scale factor, and also

assist in setting up the associated analog strip-chart recorders, this system

4 7



has been provided with an internal calibration generator, which will permit

generation of digital words corresponding to 0, 50%, and 100% full scale for

the associated DAC. In this mode of operation, clocking for the system is pro-

vided by an internal oscillator, ICl06E/F, which generates a free-run clock

signal at approximately normal bit rate, to be clocked through the data con-

ditioner. Input to the shift register is grounded for the "0" calibration

position, providing a sequence of 10 consecutive O's. For the "50%" cal mode,

IClIlA is reset by the word clock line and the Q output taken to the input of

the shift register. Since data is clocked through by the bit clock line, this

generates a sequence of a 1, followed by nine O's. For the "100%" calibration

mode, the shift register input is strapped to +5 volts, and the clock then runs

tirough a continuous sequence of l's, generating the full-scale calibration

voltage.

2.12 in order to facilitate use of this decoder with the automated test

routine, the portion of the circuit shown at the lower left of the block dia-

gram has been added. Undelayed 10-bit data is clocked into the all words data

latch, C126/127 by the bit clock signal. This data is latched into position

once per word by the work clock line from ICI08B. The 10-bits of parallel data

output are then taken to a parallel data out connector for connection to auxiliary

equipment. Word clock pulses from the trailing edge of bit 9 of the bit counter

chain are used as clocking pulses to the word address generator, IC128. This

counter is reset by detected frame synchronizing pulses, thus establishing a

0 point for the word address count. 1C128 generates standard 4-bit BCD coded

lines for "units" and the first two digits of the "tens" count, and provides

these as input signals to the address latch chip, IC129. This address is latched

into place by the word clock line and reset by the frame sync line to insure

that, simultaneously with presentation of the data in parallel form, the ad-

dress of the word being displayed is also available on six additional output

lines to ::he auxiliary equipment. Since the latching function is performed by

the word c'ock, this data is updated once per word and thus provides all words

in parallel-line form, together with each associated word address signal. t

3.0 DETAILED THEORY OF OPERATION (Reference Schematic Diagram C90TDI2, Figure 2)

3.1 Incoming PCM data is taken through either the "INV" or "NORM" position

of the data/cal swith SIOlA and capacity coupled to one input of exclusive or

gate IC107A. The second input to this gate is grounded. DC bias to the input

8
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to which the signal is applied is adjusted by selecting resistors R106 and

R107, so as to keep the threshold just below the trip point. Capacity-coupled

transitions then will drive the pin 1 input positive during incoming "1" sig-

nals, and negative during "0" levels. By proper adjustment of R106, it iz

possible to set the threshold of this chip to a value of approximately 0.2

volts peak-to-peak for the incoming wave train; it will function properly on

signal levels of ±10 volts as well. RI05 limits input to the chip under high

drive conditions. This insures that the data conditioner operates at any us-

able input signal level. The action of ICI07A is to slice a narrow portion

from the incoming waveform, providing standardized "0" and "5 volt" logic

levels at its output, pin 3. The standardized and shaped biphase level signal

from pin 3 is taken directly to the 'NORIAL" position of a second section of

the data/cal switch SI01B; the same signal is inverted by IC106D and taken to

the "INV" position of the same switch. PCM data from FM discriminators of

either polarity may be used for following portions of the system.

The same conditioned signal is then taken directly to pin 5 of ICl07B, a

second exclusive-or gate. The signal is also delayed slightly by a filter

network (R108 and C106 in series) and applied to the pin 6 input. This sec-

tion of the chip then functions as a transition detector because of the slight

delay between the input signal to pins 5 and 6. The net effect is that spikes

are generated at the output (pin 4) for each transition of the input bilevel

signal. These detected positive transitions are then used to trigger the bit

clock multivibrator, ICI08A. This is a normal one-shot multivibrator with a

time constant so chosen as to generate, from each trigger, an output signal

at pin 6 which is approximately 3/4 bit in width. Note that, because this is

slightly larger than the half-bit time period of the incoming wavetrain, the

system will "lock on" to the mid-bit transition because a 1-0 or 0-1 transition

in the data line will be effectively two half-bits in width, thus forcing the

clock to lock on to the desired mid-bit transition. This signal, taken di-
L

rectly from the Q output on pin 6, serves as the clock signal to advance bit

counter IC 109, a decade divider chip, at the mid-bit transition of each bit

of the incoming data stream. The clock signal is inverted to a true bit clock

line by IC112B and used as the "bit clock" signal to the remainder of the de-
coder. (Note that the asymmetry of the bit clock multivibrator serves to ac-

complish approxirately a one-quarter bit phase shift in the sense of the

clocking by means of this scheme, and it is constantly referenced to the

10



mid-bit transition, which is always present in a biphase level signal.) The

bit clock line is also reinverted by IC1I2E and brought to a BNC jack on the

panel as a bit clock monitor.

Conditioned data from the arm of data/cal switch SIOiB is taken through

the sync inverter gate, ICl07D, to provide the undelayed 10-bit data line for

the shift registers IC115-IC117 and data latches IC122/123 and IC126/127,

where undelayed 10-bit data is desired. A 20-bit shift register is made up

from IC115/116/117, and the 10-bit conditioned data is clocked through this re-

gister by the bit clock line described previously. The timing clock described

previously provides that data at the pin 2 entry point to the shift register

chain will always be clocked in approximately one-quarter bit later, allowing

settling time prior to entry to the shift registers.

3.2 The bit clock is counted down to work clock frequency by bit counter

ICl09, a divide-by-lO counter. The output from the "9" count is used as input

to the word counter chain because ICIO operates on the negative-going trans-

ition; the negative-going transition of the "9" output is effectively in

synchronization with the positive-going transition of the "0" count, which is

used to trigger word clock multivibrator, IC108B. The narrow positive-going

output of the one-shot multivibrator (from the Q output of pin 10) is used as

the word clock signal for the remainder of the unit. The Q output on pin 9 is

taken through IC112F, inverted to the normal clock form, and provided as a

word clock monitor on a BNC jack on the decoder, for external use. ICIl0, the

word counter, is a conventional binary counter operating on input clock signals

*from the bit counter and providing parallel 1, 2, 4, 8, and 16 coded output

lines. Under normal conditions, the word counter will be reset by the detected

and gated frame sync pulse, insuring that an output at the pin 5 "16" output

is never high more than the momentary transient which occurs at the time of re-

set. However, if a frame synchronizing pulse is not detected after 16 words,

this signal will go high and operate the "lock-loss" signal in the manner to

be described later. The 1, 2, 4, and 8 line outputs are used as address lines

to the word decoder chain. (The 8 line is also inverted by IC1O6D and used to
enable the second half of the word decoder chain.)

3.3 The desired Barker code frame synchronizing pulse in the "word 0"

position is detected by wiring the 10 parallel outputs of the first 10 bits

of the shift register to a pattern detector. The and gates of IC1I8A and B
4

serve to detect "I" bits in position 1, 2, 4, 5, and 6, providing a positive-
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going signal at pin 6 of ICIISB. ICil9 simultaneously detects the presence

of O's in the third bit and bits 7 through 10. The combined outputs of IClISB

and IC119 are then summed in and gate ICI04C so as to provide a detected sync

pulse when all 10 bits are in the proper position in the register; this pulse

is used for the reset gate and to drive the sync blanking flip-flop.

A type 1) flip-flop, ICIIIB, is normally set with the Q high by the output

pulse from pin 5 of word counter IC110, enabling the reset gate, IC104B.

Immediately thereafter, when frame sync is detected, the output of the frame

sync aetector is used to clock this flip-flop through inverter gate ICI06B.

Simultaneously, the positive-going sync pulse goes through gate IC104B and serves

as the "reset" line to the remainder of the decoder. This gated frame sync re-

set pulse is inverted by IC106C and made available as a frame sync monitor on

the panel. The "reset" line is also used as the frame synchronizing signal

to the remainder of the decoder, where it is used to reset word counters and

bit counters, as well as the word address generators. This pulse, occurring

only at the time of the start of "word I" (end of "word 0") is also used to

advance the frame counter/decoder, IC121, another decade counter decoder chip

which will be used for a frame counter and detector in the subcommutation de-

coding operation, to be described later.

3.4 The incoming data stream has alternate frame synchronizing words

inverted to the binary complement of the normal Barker code word. In order to

stay synchronized with this alternating sequence of frame synchronizing words,

an automatic method of frame sync reinversion is required. The inversion is

supplied by exclusive or gate IC107D at the input to the shift register,

operating on the digital data line at pin 12 of this chip. Input to pin 13

for this gate is normally held in a low state, but is automatically driven

.high during every other "word 0". In order to generate the desired inversion

gate, the detected frame sync "reset" gate from ICI04B is used to trigger

Flip-flop IC105A, which alternates states with each successive frame sync

puilse. The Q output from pin I is taken as one input to inverting gate

generator ICI04A, and also capacity-coupled to ICl05B, a set/reset flip-flop,

which is thus set with the Q high and the Q low at the time of frame sync.

The "word 15" decoded output from IC114 is then brought in as a "reset" pulse

to this same flip-flop, resetting the Q low and driving the 0 output high at

the beginning of word 15. (This synchronization is nornil for the unit.) Q

will ther: be set low again hv the next following positive transition from
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ICI05A. The net result is a positive gate at pin 3 of IC104A, starting at

the beginning of "word 15" and ending at the beginning of "word 0" once every

other frame. Timing is such that this inverting gate occurs one frame behind

the normal detected frame sync pulse, and thus the next following frame period

will provide the necessary one-word-wide gate to ICI07D, inverting the Biphase-

Level data stream only during the alternate "word 0" periods of the synchroni-

zing signal. The net result is that the undelayed 10-bit data line from IC107D

has all synchronizing words re-established in the normal Barker code bit

pattern; this data is clocked through the shift register and also used as the

data line for the remainder of the decoder.

3.5 Chips IC113/114 provide a 16-word decoder chain with parallel address

inputs in binary form, derived from word counter IC11I, which clocks through the

"word clock" line such that a positive gate, 600 Microseconds wide, is steered

through the register, which is reset by the frame synchronizing pulse. The

decoder provides a narrow positive gate on each of the 16 lines in sequence,

as timing proceeds through the main frame. Sixteen output lines from this signal

are taken to the 16 inputs of each section of S103, a 6-section hexadecimal

switch. The 16 positions of these switches are marked as words 0 through 15, and

permit selecting the desired signal for strobing data into each of the latches

elsewhere in the system. Note that any of the 6 switchable units can be manually

selected for any desired word, including word 0, the sync word.

3.6 For subcommutation detection, it is also necessary to determine

synchronization for word 15, in which the subcommutated data lies. The syn-

chronizing word pattern generated within the coder is a sequence of ten O's;

the other 10 bits of the 20-bit shift register are used for subframe sync de-

tection, and the first 8 bits are taken to a multiple nor gate, IC120. Bits

9 and 10 are taken through or gate ICI02C and then inverted by ICII2D, effec-

tively providing a second nor gate for the last two bits. At the time when all

10 bits are simultaneously at 0, these two signals are fed to pins 12 and 13

of chip ICI18C, a triple-input and gate. The third input to this gate is de-

rived from the frame sync "reset" line. (Note that, because the 20-bit shift

register effectively provides a 1 word delay between the first 10 bits and the

second 10 bits, all 20 bits for subframe sync and main frame sync will be in

position simultaneously (with subframe sync in word 15 and frame sync in word

0) at the time an output pulse is generated at pin 10 of ICI18C, providing
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subframe synchronization.) This signal is taken through inverter chip IC112A

to a subframe sync test jack on the decoder. It also is provided on the paral-

lel data output plug S011, and is used as the reset pulse to the frame counter

decoder, IC121. IC121 is advanced by the normal minor frame sync "reset" line

and thus, in a manner similar to that previously described for the word decoder.

provides a frame decoder. It is reset to major frame sync reference by the

tected subframe sync, and advances on each following minor frame sync, to gen-

erate output gate pulses at minor frame rate through the-entire major frame

sequence of frames 0 through 7. These eight enable lines are taken to the "E"

section of the hexadecimal switch and wired to position 0 through 7, such as

to permit selection of any frame within the suhcommutation sequence from which

data is desired through the subcom decoder. Note that normally, if the system

remains in synchronization, the "reset" pulse will restore the count to zero

before an advance can be made to the equivalent "frame 8" position; if a frame

sync is lost and the counter advances beyond this point, an output signal is

generated which can be used in the "lock-loss" trigger section to indicate loss

of subframe sync.

3.7 Selection of a desired word, latching parallel data into the data

register, and conversion to analog form are performed automatically for each

of the eight possible sections of the decoder. Full operation is provided by

the left-hand word selector switch, which permits selection of words 0 through

15 as strobe lines to a 10-bit data latch. This latch is made up of IC122 and

part of [C123. Undelayed 10-bit data is fed to this latch and clocked through

by the bit clock. At the time of the selected word, the positive going gate,

selected by S103, is fed in as a strobe light, freezing the 10 output lines into

the paallel representation of the bit pattern. Each of these 10 lines then

operatev through a lamp driver (ICIOlA through E, and IC130A through E) so as

to drive an LED lamp on the front panel. Each lamp is provided with a 330 ohm

ser-cs resistor, (RCIOI and 102) to current limit lamp current. Any output

lines high result in illuminating the lamp; low lines leave the light extin-

guiihed, thus presenting l's as illuminated and O's as dark in the binary I
digitci displaiy. The same 10 input lines are also fed into a 10-bit DAC, IC124,

where they are detected and summed in a resistance ladder to develop an output

vo.tage proportional to the decimal value of binary-coded input signal. This

voltage, developed across resistor RI12, is then taken through IC125, an op-

erational amplifier, so wired as to have adjustable feedback through R115 to
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pin 2 for adjustment of "full-scale" gain, and an offset "zero" trim adjustment

by means of R114 for balancing. The output signal from pin 6 of the operational

amplifier is taken to a 0 to 5 volt analog volt meter, MIO, and also to a pair

of jacks on the front panel; the same signal is divided by R116, an attenuator

pot, and taken to a pair of output jacks on the rear panel, where it can be

used either for BNC or phone Jack connections to an associated recording meter,

with adjustable deflection. Note that this operational amplifier is provided

with both zero and full-scale adjustments, allowing the system to be set--up for

all O's (to represent 0 volt) and all l's (to represent 5 volts), to provide

an external digital presentation of the value of the input word by means of a

DVM. The selected word gate from the arm of switch S-103-1 is also taken

through an inverter, IC106A, as a "selected word sync" pulse to a BNC jack which

can be used for synchronization of an external scope, if desired. By this

means, scope sync can be varied for each word in the format to provide an ex-

panded presentation of the digital data corresponding to any given word.

3.8 The next four sections of switch S103 correspond to A, B, C, and D

DAC outputs. Each can be individually selected for the desired word, and they

function in the same general manner just described for the selected word. DAC's

with only 8-bit resolution are used in these channels, and therefore it is nec-

essary to delay the digital input by 2 bits, in order to decode the 8 most sig-

nificant bits of each word at the desired time. (This is accomplished by driving

the data latches for these channels by a signal tapped 2 bits into the data reg-

ister, deriving the 8-bit input data signal from pin 4 of IC115.) Data is

clocked into the latch in serial form by the bit clock and strobed into the

latched position by the selected word from S103, as described previously. After

conversion to analog form, the signal is again run through galvo drivers (IC133

A through D) and provided as an adjustable analog output on the rear panel.

No monitor point or digital display is provided for these DAC's.

3.9 The conversion and decoding for the "E" channel of this system is

somewhat different. This channel can be used in either the "Normal" mode,

where it is capable of selecting mainframe words 8 through 15, or in the

"Housekeeping" mode, where it is capable of detecting word 15 subcommutated

data from frames 0 through 7. S103-6 permits selection of the desired timing

for the strobe signal, and IC104D provides the strobe gate to the associated

latch, ICL31E. A two-position toggle switch, S102, is provided to permit iise

of this channel in either the "Normal" (bipolar 5 volt data words, 8 through 15)

15
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or "Housekeepiug" (word i5, selected frame 0 through 7, with 0 to +5v limit

*on data input and 0 to 5v data span output). For the subcom mode of opera-

* tion, this switch should be thrown to the "Housekeeping" pOsition. In this

mode of operation, strobe gate ICI04D combines the frame synch "reset" line

with a selected frame gate, to generate the strobe signal to latch IC131E.

Note that, because data is delayed one word in the shift register, this is

equivalent to latching in the data at the end of the selected word fifteen.

The same "Housekeeping" position of this switch also disables the most signifi-

cant bit for the DAC input, by grounding one input to the 371-8 DAC and thus

providing 7-bit conversion, equivalent to a signal from band center to upper-

band edge. A third section of this switch doubles the gain for the operational

amplifier by changing feedback under these conditions of operation, and a fourth

section of S102 enables the subframe sync loss portion of the "lock-loss" de-

tector.

in the "Normal" mode of operation, strobe gate IC104D is enabled by +5

volts, and thus gates in selected words 8 through 15 to "freeze" the data in

position. The most significant bit is restored as input to the DAC and the

amplifier gain is readjusted to maintain the 5 volt full-scale indication, but

now representing a t5 volt data span for the input word. This channel, like

the "Selected Word" channel, has an operational amplifier provided with zero

adjust (R122) and full-scale adjust (R121) controls, and is provided with both

an analog meter and a pair of jacks for an external digital voltmeter, as well

,s the galvanometer output amplitude adjustment.

3.10 Two additional digital-to-analog converters are provided within the

unit and are hardwired to words 13 and 14, as described previously. These are

a~so 8-bit DAC's and automatically provide adjustable analog output signals on

the rear panel, proportional to the digital data available in words 13 and 14.

If, in future applications, it proves desirable to monitor other words, it is

a simple matter to re-connect the timing leads strobing these two latches, as

wiring is quickly accessible by removing the top cover of the unit.

3.i1 Overall operation of the "lock-loss" circuit has been described in

generaL terms previously. Under normal data input conditions, IC107C serves

as a "data present" detector. The output from the data conditioner, ICI07A, is

cApacity coupled to one leg of exclusive or gate IC107C, with a positive DC re-

turn. Simultaneously, the same signal is inverted by ICI06D and applied to the p
second input of the gate. So long as regular data is ciocking through the data
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conditioner, this exclusive or gate will always have opposite polarity sig-

nals on the two inputs, resulting in a "high" at output pin 10. Momentary

transients (as transitions occur) are filtered out by capacitor CLIO, and

output inverted by IC112C to a "low". This signal is then applied to or gate

IC102A, and has no effect on the "lock-loss" driver. In the event there is no

signal input, pin 3 of IC107A will go low and, as soon as C109 discharges, pin

8 of IC107C will be returned to the +5 volt line. The "low" signal input is

inverted by IC106D and appears as a "high" signal on pin 9 of the data-loss

detector. Since both signals are now "high", the output at pin 10 will go

"low", be inverted by IC107C to a "high", gated through ICI02A to lamp driver

ICI01F, and so will immediately illuminate the "lock-loss" light until signalo

is restored.

Under normal (synchronized) conditions of operation, with a frame sync

word properly detected, only narrow reset spikes will occur at the "16" output

at pin 5 of IC110. This very narrow pulse, coupled through ot gate ICI02B, is

filtered out by C102, and thus no trigger is provided to multivibrator IC103B.

In the event frame sync is not detected, pin 5 of IC11O will go high long enough

to charge C02 and trigger the one-shot ICI03B, which will then generate a pulse

sufficiently wide to drive through or gate ICI02A, and the lamp driver, CpuF,

illuminating the "lock-loss" light. As soon as synchronization is restored,

the width of the signal at pin 6 of or gate IC102B is too narrow to trigger the

multivibrator and the lamp will go out again.

When in the subframe mode of operation, a similar philosophy is used with

the "frame 8" output from pin 9 of the frame counter/decoder, IC121, taken

* through the "Normal/Housekeeping" switch to the pin 5 input of or gate IC102B.

Under these conditions, lock loss multivibrator IC103B is again triggered, il-

luminating the "lock-loss" light. However, in this mode of operation, trigger-

ring occurs at subframe rate, rather than frame rate, and the light may be

observed to flicker.

3.12 To generate synthetic digital signals for internal calibration of

the unit, the "Op/Cal" switch, S101, disconnects the data input line and pro-

vides, for input clocking to the data conditioner, a free-running square wave

generated by IC106E and F. Frequency is determined by C103 and R102, and is

approximately 15 KHz in this mode of operation. The clock signal is run through

the data conditioner and provides a bit clock signal, through the remainder of

4 the decoder. In the "0%" cal position, input to the shift register is grounded
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by the arm of SIOIi and so the signal clocks a continuing sequencu of O's into

the shift register, filling the entire register with O's and insuring that the

digital display for the selected word (and all downstream DAC's) will be at the
"0" calibration point. When transferred to the "50." cal mode, clock pulses

from the cal oscillator are counted down by bit counter TC109 and used to

trigger the word clock multivibrator, ICI08D. This drives the remainder of

the decoder, and also resets the most significant bit cal generator, IClllA.

This type D flip-flop is then "set" by the leading edge of the word clock, and

"reset" by the next following bit clock. The net effect is to generate a sig-

nal one bit wide at pin 2. The Q appears at the input to the shift register,

is cloc ke' in, and progresses through the register. Timing ol the word clock

pulse is such that all data latches will strobe this into position as the most

significant bit, no matter which word is selected, resulting in a half-scale

analog output from all DAC's and illumination of only the most significant bit

in the digital display. Finally, in the "100%" cal position, the data input

to the shift register is returned to the +5 volt line, and all l's are clocked

in, filling the register, so that all words receive full scale (all l's) s-

dication, insuring that all DAC's are driven to the maximum output.

it should be noted that the second section of the "Op/Cal" switch, Sl03B,

is also provided with an "inverted data" position. Although "normal" data is

normally taken from pin 3 of ICI07A, this data is also available in inverted

f, rm from pin 9 of ICI06D. If. for example, the data input is inverted, either

throu .h the use of an inverted sense discriminator in an FM/FM complex, or

Jiroupi ue of an inverted data line from other sources, the data can be re-

i,:'vrted by proper choice of the position of this switch.

The inpuz data stream for the "PCM Input" jack is also available at the

"Data Monitor" BNC connector on the front panel.

i. 13 For convenience in operating the decoder in conjunction with computer-

controlled testing, a standard parallel output connector, S0101, has been pro-

v'ded on the rear panel. Undelayed 10-bit data from the data conditioner is

f ed ;ii input to the "all words" data latch, 1(126/127, which provides 10

plrallei line outpuL from the serial in/parailel out latch. Data is clocked

tiirougmn by the hit clock and strobed into position by the word clock at the

011-l of csch word, thus prcsenting a 10-line output, in parallel form, of the

binary dipital word, updated at the beginning of eac!; w-ord.

A "word addrvss" generator, reset to 0 by the detected frame sync pulse
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and then counting word lock pulses, also generates word addresses within chip

IC128A and B. This chip is a ripple counter with BCD output; that is, 4 lines

per digit in 1, 2, 4, 8 coding. IC128A serves to derive a 4-bit BCD coded

"units" signal; "carry" to IC128B is used to generate the first two digits of

a BCD "tens" code. (Note that, under normal conditions only the "one" line

for the 10's will ever be energized, since there are only 16 words to the frame.)

However, because of the frame sync inversion, it is possible that, under cer-

tain conditions of operation, one may obtain synchronization only on alternate

frames, in which case the count could advance as far as 32. If this condition

occurs, the associated computer will receive a word address greater than 16,

and will so indicate. Normally, the reset line will clear this register back

to 0 at the time of minor frame sync. The 6 lines corresponding to the 2 digit

word address are taken though IC129, a hex flip-flop, where they are latched

into place by the word clock signal, providing units and tens word addresses,

in synchronism with the 10-line parallel data output.

3.14 Self-contained operation is provided by a provision of two power

supplies within the unit. PS101 generates ±15 volt regulated power busses,

balanced to ground, at a current capacity of 200 milliamperes each. PS102,

also a commercial module, provides regulated +5 volts at a capacity of 250

milliamperes. Input power is fused by one-half amp fuse FI01, and switched

by S104 to turn the unit on and off; the LED "Power on" panel lamp is actuated

by the output of the 5 volt power supply, through current limiting resistor

R124, to provide and indication of the power "on" condition.

3.15 In addition of the normal PCM decoder functions, two auxiliary

pieces of apparatus have been constructed within the same box, for convenience

in field use. The first of these consists of a commercial line driver, IC201,

which has both input and output connections brought out on BNC connectors on

the rear panel. Input can be either direct coupled or through a blocking cap-

acitor, by selection of the proper input connector jack. The input signal is

provided with a gain control through R201 and used as input to a power amplifier,

Burr-Brown model 3329/03. The output signal is taken through R202, an iso-

lation resistor of 22 ohms, to an "Output" BNC connector, and also through a

shunt resistor, R203, to ground to keep the output line from floating. This

line is capable of driving a terminated 50 ohm cable.

The second auxiliary feature is provided by dual operational amplifier,

IC202, a 747 chip. The two sections of this dual amplifier are wired in
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cascade to provide a high gain audio amplifier. Input is by means of the

standard microphone connector such as is normally used with the OSU voice

equipment, and the output is taken across an adjustable output control, R212,

to a BNC connector. This is of convenience when it is desired to provide voice

modulation from a low level microphone to an associated tape recorder or amp-

lifier.

The two above units are most frequently used as accessory equipment for

adding audio tracks to an associated VCO multiplex, for tape recording. A

power switch, S105, on the rear panel permits disconnecting the +15 volt busses,

to de-energize circuitry when such use is not desired. For normal use, a low

level microphone connected to JS107 can be used with the gain adjusted to the

desired level to provide a 0 to 5 volt output signal, in order to drive an

associated VCO in the multiplex system. In tape playbacks, the output of the

associated discriminator can be taken through the line driver directly to a

low impedance loud speaker, to provide an audible monitor of the playback.

Since these two portions of the circuit are independently constructed and draw

only power from the parent unit, they are for general utility for field support

services.

4.0 PHYSICAL DESCRIPTION

The detailed drawing of the front and rear panel of the completed unit,

which measures 3" high by 12" wide by 8" deep, is shown in OSU drawing C90TD14.

The top panel is removeable by means of six screws. Immediately under the

panel will be found a set of drawings and a complete set of operational spare

parts for field operation, recessed into a foam plastic block. This block is

so contoured as to hold all chips and components within the wirewrap board on

which the major portion of the construction is accomplished. Details of the

board layout and parts location will be found on OSU drawing C90TDI3.

Although screw driver adjustment gain controls for the auxiliary line

driver and audio microphone preamplifier will be found on the rear panel, all

required operating controls are located on the front panel, for convenience.

"Zero" and "full scale" adjustments for the operational amplifiers for both the

"Selected Word," and the housekeeping "E" DAC will be found at the 0 and 5 volt

ends of the edgewise analog meters on the front panel. The six hexadecimal

switches (S03) permitting switching the DAC's to the desired word location

will be found in the center of the panel; immediately beneath each section is
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a multi-turn screw driver pot, adjusting amplitude for the associated 5 volt

dc output to the level desired for galvanometer drive. Labelling for the digi-

tal display, analog meter, and hexadecimal switch for the "Selected Word" DAC

is indicated by the panel marking; on the right hand side of the panel a simi-

lar set of markings is provided for use with the associated "E" channel. Note

that, within this cluster of controls, there is also a toggle-switch S102 marked

"Normal" and "Housekeeping", which serves to select the subcom mode of opera-

tion (for frame 0 through 7) and reestablish gain factors for the analog con-

version to represent only the positive 0 to 5 volt portion of the data band

when used in the "Housekeeping" mode. In the "Normal" mode, the same hexa-

decimal switch S103-6 may be used in positions 8 through 15 for mainframe words,

and IC132E will return to the normal bipolar input data representation for output

scale factor.

Because the associated automated test equipment used for temperature test-

ing normally draws its operating power from the associated PCM decoder, and

the power supply provided within this unit is insufficient to supply this added

load, two banana jacks have been provided on the rear panel for connection to

an external 5 volt power supply when automated testing is required.

The basic PCM encoder design incorporated provision for a subcommutated

housekeeping word. This word is normally assigned to word 15, and (as des-

cribed in the theory of operation in section 3.0) the "E" DAC switch is so

wired as to permit positions 0 thru 7 to be used for this subcommutation mode.

(Positions 8 thru 15 are available for mainframe words, thru the same "E" DAC.)

Because many coders are now flown without the subcommutation feature, using

word 15 as a clear channel main frame word, construction of the decoder has

been so arranged as to permit a quick changeover, deleting the subcommutation

feature of the decoder operation in the "E" DAC channel. Mechanical construc-

tion of the unit has been so arranged as to permit a simple conversion for

this application:

(1) Main frame word 0 thru 7 selector lines, from the first 5 sections

of the hexadecimal switch, have been connected to a 16-pin DIP socket and car-

ried over to positions 0 thru 7 of the "E" switch. Normally these lines are

opened, and positions 0 thru 7 are driven from the frame counter/decoder,

IC121.

(2) In the event the subcommutation feature is not being utilized in

the coder which is being tested, the normal mode of operation for the "E" DAC
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selector switch can be restored by unplugging the CD4017BE chip from IC121.

This chip should be removed and placed in the recess provided for this pur-

pose in the foam hold-down block. At the same time, the plug-in jumper

board should be inserted in the 16-pin DIP socket on the back of the hexa-

decimal switch. Jumper connections are such as to connect the hexadecimal

switch to the normal lines for word 0 thru 15, thus permitting use of the "E"

channel DAC for any desired word in the frame format.

5.0 QUALIFICATION TESTING OF SPHERE ENCODERS

Qualification testing is conducted with the equipment set up as shown in

block diagram OSU drawing B40BK01 (Figure 3). The system in use is based

upon the general procedure and methods, which were previously described in

Scientific Report Number 1 under this contract (Reference 3). However, a

number of changes have been made to update the automated test procedure, in

order to incorporate modifications and additions to the set up, which have

been incorporated since Reference 3 was written in August of 1981. Details

of these additions and modifications are discussed in Appendices which fol-

low this report.

5.1 Modifications to the automated test procedure incorporated for

qualification testing of the sphere encoder may be summarized as including

the following:

(a) Modification of the KIM interface box, D92KI02, in order

to accept a word clock signal and detect frame synchronizing pulses

from the associated OSU Model C90TD12 10-bit sphere decoder. (These

changes were made because of the use of alternating frame synch-

ronizing signals in the sphere encoder, and now permit use of the

alternating frame sync detector of the decoder as a master synch-

ronizing signal to the KIM system; the word clock is used to count

words following each frame synchronizing signal.) The interface

box has also been modified to incorporate the addition of the temp-

*4 erature sensor, (b) below, and the digital voltage reference gen-

erator, (c) below.

(b) Automatic sensing of the temperature within the test

chamber has now been incorporated through use of the circuitry of

4 OSU drawing B92KT01. The detected chamber temperature is auto-

matically accepted by the KIM system, and is incorporated in the

printout data.
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(c) programmable voltage reference generator, which permits

compute) -9m control for any designated analog reference voltage,

has also L ided per OSU drawing C92KVO1. The test routine

permits progia ning a series of five test input voltages as de-

sired for sphere -sting, and these are also automatically con-

trolled and print-.4 o in the computer-controlled testing

procedures.

(d) The KIM-1/4 system has also been modified now to in-

corporate a real-time clock card, per OSU drawing C99KM04. This

clock permits automatic printout of the time at which each test

run is begun, as a portion of the data printout from the testing

procedure.

(e) The "bread-oard" multiplex system of Reference 3, Figure 2,

has now been replaced by a general purpose temperature test multi-

plexing system, as shown in OSU drawing C92KA01. This data multi-

plexing system, by means of the special sphere test cable, OSU

drawing B41BKO2, permits the KIM to automatically control tests

of two Model C40BEO2A 10-bit sphere encoders in a single qualifi-

cation test run.

(f) A new set of computer programs have been developed for

specific application to qualification testing of the 10-bit sphere

encoder. Computer programs used for this purpose are as li'ted in

Appendix A.

5.2 The outline of the qualification test procedure follows the general

'manual set-up and checkout procedures," described originally in Reference 1.

A considerably more elaborate and sophisticated test may now be conducted

with the automated routines available thrcugh the computer-controlled system

now in use. The test encompasses the following features;

(a) Each coder is tested at three separate input voltage sup-

ply values: (low voltage = 24 volts, nominal voltage = 28 volts,

and high voltage = 32 volts, to the encoder under test). Each of

these riree voltages is used at each of three separate chamber

temperatures in the course of the test routine. Temperatures

used are: cold = -200 C, normal = +250 C, and hot = +650 C.

(b) For each of the nine conditions of input supply voltage and

temperature outlined above, the automated test system applies a set
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of five selected input data voltages as analog signal input to

mainframe words I through 13, and to subcommutated frames 1 2
through 7 of word 15, in a predetermined sequence. The five

discrete voltages have been selected to give the desired 10-bit

digital test words, as was described in Reference 1, Section 4.4.3.

These were chosen to be near: just above the -5 volt lower limit,

a -2.5 volt mid-range point, slightly above the 0 reference point,

near the +2.5 volt mid-scale positive region, and just below the

+5 volt upper limit.

(c) The test routine also uses the internal voltage monitor

developed within the coder under test as data input to word 14,

thus recording the digital (and analog equivalent values) of

this housekeeping monitor through the PCM output of the encoder

under test.

(0) For each condition and input voltage described above,

the computer will take 1000 consecutive samples from each main

frame word (or 100 consecutive samples from each subcommutated

frame in word 15), and analyze the results noted.

(e) These samples are then sorted and a count is made of the

number of occurrences of each digital code pattern which is de-

tected through the auxiliary decoder.

(f) Each detected binary PCM code is then converted to the

calculated analog test voltage which it represents.

(g) This calculated analog voltage is then compared to the

actual input test voltage applied for the test, and the computer

then calculates the error with respect to the input reference

voltage.

(h) A hardcopy output is provided from all of the above

tests, in order to document the full sequence of the qualifi-

cation test.

5.3 A typical excerpt from the hard copy provided as printer output from

the automated qualification test system is shown in Figure 4. This printout

includes the following data:

(a) The date of the test and serial number of the Model

C40BE02A encoder under test.

(b) The supply voltage to the coder and the temperature
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SPHERE TEMPERATURE TEST 25 RPRIL,S3

ENCODER S/N" 9
LINK'' 2
TIME 16 : 51 : 12 TEMPERATURE 23 C
P01.ER SUPPLY VOL TROE? 28
INPUT VOL TRGE-4. 9561

NORD# BINARY VALUE CALC VOL TRGE ERROR RNMPL E!

000000 0000000 -4.9561 0 1000

2 000o0001 0000e -4.9,561 0 1000

3 09000001 00800000 -4.9561 9 108

4 0000001 00000080 -4.9561 a 1000

5 00000901 00009000 -4.9561 a 1000

6 oeob00 080000900 -4.9561 0 1000

7 0000001 000000 -4.9561 a 100

8 0800080/ 000ee00 -4.9561 0 1000

9 0800000/ 0000000 -4.9561 0 1000

/0 00000001 90000000 -4.9561 0 1000

1/ 00000 1 080800 -4. 9561 0 1000

12 00000001 0000000 -4.9561 0 1000

/3 00000001 0080000 -4.9561 0 1000

14 10100000 01008000 1.2646 6.22069 1000

SUBFRRME ORTA ***19 *****

ENCOVER S/N 9
kORD # 15
TIME 16 : 53 : 31 TEMPERATURE 23 C
INPUT VOLTAGE -4.9561
POER SUPPL Y VOL TAGE 28

6 FRM# BINARY VALUE CAL. C VOL TROE ERROR SAMPLES

0 800000/ 0090000 -4.9561 0 100

2 00000001 00000000 -4 9561 0 /00

3 00000001 0000096 -4.9561 0 100

4 00088081 080800008 -4.9561 /00

5 0000001 00008080 -4.9561 9 100

6 0000909) 08080800 -4.9361 a 180

67 000008/ 0008 00 -4.9561 0 100

Figure 4. Sample Test Printout (Excerpt)
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within the test chamber during the run which follows.
(c) The time at which the test is initiated.
(d) The analog input reference test voltage being ap-

plied for the run which follows.

(e) The run results are listed for each input voltage:

1. The identifying number of the word (or frame)

being sampled.

2. Each binary PCM code pattern detected for this

condition.

3. The calculated decimal input voltage indicated

from this code.

4. The error of this calculated value with respect

to the applied input reference voltage.

5. The number of occurrences of each of these code

values within the total number of samples taken.

(f) The procedure will then repeat steps (b) through (e) above

for the remaining sequence of four additional input analog test

voltages, until the complete run of five test voltages has been com-

pleted.

(g) The automated test routine then stops, awaiting the opera-

tor to reset supply voltage and/or chamber test temperature to the

desired value to initiate the next run.

(h) When placed back in the "run" mode at the desired tempera-

ture and voltage, it will repeat steps (a) through (g) again for the

next run, until all nine runs of the qualification test have been

completed for each coder under test.

i) Since the test setup is capable of testing two coders at

once, it will repeat the entire sequence for the second coder as

well, when instructed by the operator that the second coder is now

to be put in the test routine.

0 5.4 A detailed step-by-step procedure, which is to be followed to per-

form qualification tests, may be described as follows:

(a) Connect all equipment as shown in Figure 3, the block

diagram, OSU drawing C40BKO1. Coders under test should be

within the temperature chamber, and the chamber will initially

be at room temperature.
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(b) Set the input supply voltage for the coders under test

to the nominal 28 volt value.

(c) Initialize KIM system unit with the following step-by-

step procedure:

1. Turn on Hazeltine keyboard.

2. Turn on KIM computer.

Switch positions for computer

A. i MHz
B. Halt (Down)
C. Normal

D. Reset (Momentarily lift up)
E. Printer interface set to inhibit

3. Hit return on keyboard

A. Computer should respond with "KIM
FEE6 FF

4. Type in: D400

5. Hit space bar:

A. Computer responds with D400 D8

6. Hit ";" key

7. KIM responds with "LMON"

8. Type in: IDCOO,DCDO,0000

9. Hit return

10. Hit return again (to get out of LMON mode)

A. KIM responds with "D400 D8"

11. Hit space bar

A. KIM responds with "0000 20"

12. Hit "Go" key

13. Put in Disk #1B (FODS)

14. KIM responds "FODS"

15. Type in: RUN %RTCSM

16. KIM responds:

CLOCK ROUTINE
INPUT (MO,DA,HR,MN,SC)CR

17. Type in the correct date and time. Example: ON DEC 12. @ 9:15:33 type in:

12,12,09,15,33 then at the correct time, Hit return

(Remember to use two digits per date. For example, the 9th hour:

type in 09.)
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18. KIM responds: "#"

19. Type in: RUN %BASP (Hit return)

20. KIM responds: Type in:

# of Lines/Page? 0 (Hit return)

Memory Size? 28600 (Hit return)

Terminal Width? 80 (Hit return)

21. Take out Disk #1B

22. Type in: Disk I (Hit return) (starts disk motor)

23. KIM responds: "21 STAT ERR","OK"

24. Put in Disk No. 17B (SPHERE,SPBA7)

25. Type in: DISKL,SPBA7 (Hit return)

26. KIM should respond with: "OK"

27. Type in: QUIT (Hit return)

28. KIM responds: "#"

29. Type in: "DIR" (Hit return) (Shows directory)

30. KIM responds with the directory,"#"

31. Type in: LOD %SPMCT

32. Hit "ESC" key and KIM responds: "0000 4C"

33. On computer front panel do the following:

A. Move HALT to up position
B. 2 MHz

C. Move HALT to down position

D. Hit RESET

34. Hit return key on keyboard

35. KIM responds with "0000 4C"

36. Type in: 17F2 (Space bar)

37. KIM should respond 17F2 OB

38. If KIM responds 17F2 0A then type in: OB. (Make sure you t,:-e a period
after 0B). This enters OB into location 17F2 to set the baud rate between
CRT and computer.

39. Hit the Space Bar

40. Hit "G" key

41. KIM should respond "OK."

42. Switch programmable voltage reference generator to "SWITCHES" mode and
set switches on side to pattern of 1000 0000 0100 0000. (Monitor meter
should read output voltage of +0.0244 volts.)

0 43. Type in: POKE 2048,00
(This sets multiplexer to "Word 1" position, applying the test voltage to
Word 1 of encoder under test.)
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44. Using "Selected Word" DAC switch on sphere decoder, dial up Word I anu
check digital word display. Lamps should be illuminated for bits one
and nine only. (All other words and frames will have open circuit in-
puts during this test.)

45. Set printer interface switch to "HANDSHAKE"

46. Type in: RUN (Hit return to start program)

47. KIM responds: Type in:

ENCODER S/N? S/N of coder to be tested
LINK? I (for first coder; use 2 if switching

to second unit in chamber)
POWER SUPPLY VOLTAGE? Voltage being used (e.g., 28)

48. KIM will now make complete test run and tabulate results on printer,
signifying completion by printing OK at lower right and stopping.

49. Reset power supply voltage (and/or temperature) to values desired for

next run. When conditions are as desired:

50. Type in: RUN (Hit return key to start program)

51. Repeat steps 47 through 50 until tests have been completed for all re-
quired values for power supply voltage and chamber temperature (total
of nine runs) for each coder under test.
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APPENDIX A

SOFTWARE LISTINGS

(All are on KIM Disk No. 17B; BASIC program revised on 22 November 1982
controls test, and invokes assembled machine code programs as subroutines.)

Purpose Program

Al BASIC SPBA7
(Defines Qualification Test Routine

for C40BE02 10-Bit Encoders)

A2 ASSEMBLED MACHINE CODE SPMCT
(Total assembled set of the sub-

routines required.) Includes:

A2.1 SPHERE Main Frame Data SP-A

(Subroutine to look at Main Frame
Data, from Words 1-14)

A2.2 SPHERE Subcom Data SP-AS
(Subroutine to look at Word 15
Subcommuted Data)

A2.3 Temperature and Clock Routine TSCLA
(Subroutine to convert the
Temperature Data to Digital Form,
and obtain Real Time clock data
from computer)
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Al SPU7 BASIC Qualification Test Routine

LIST I GOTO 15 :REM TO CPL. U.SE (INPUT "1I.T ",.)
2 INPUT "2NP 8".;B
3 POKE 40..6., R
4 POKE 40.97., i

) GTOI

15 REM SPHE.RE ...... SPHERE ENCODER TEMPERATURE TES T
16 REM
20 REM THIS PRO13RRPI TAKES I 800 SAMPLES OF EACH MAINFRAME NORD
21 REM, AND 100 SRNPLES OF EACH SUCOM WORD. WiiRDS ! THRU t4
22 REM RRE SANPI.ED FIRST THEN THE SU8FRRME WORD'S.
23 REM THIS ROUTINE CRLL.S THE MRCHINE CODE FROGRRM "_PMC"
24 REM TO OBTAIN MR NFRAME RAND 5.8FRRNE DRTA.
25 REM
26 VR=0 :REM THERE ARE FIVE V'R '.'OLTRGE RUNS.:
28 PRINT
29 .T$= "22 NOVEMBER. 82"
30 PRINT TRB( 22),,; "SPHERE TEMPERRTURE TEST ".,DT$
35 PRINT ; PRINT:
40 PRINT
43 REM ..... INI TIRL IZE ARRAY N FOR SUBFRAME DRTR .....
45 DIM N(25)., VI1"20.,
46 REM WOR.S WILL BE PRINTED.
47 FOR IO TO 7
48 READ N(I)
50 NEXT I
5/ FOR 1=0 TO /8
52 READ V 1 ( I)
53 NEXT r
55 GOSUB 2000 : REM ..... GET DATA FROM OPERATOR .....
56 .ST= : ED=14
58 REM .... INITIALIZE STRiTING R.DR FOR ZIPMC
59 REI THIS WILL READ NAINFRRHE DRTR
60 POKE 8256, 0

9POKE 8257.. 230;' REM...... BEGIN LOOP FOR MRINFRRME DRTR .....
I1 FOR R=ST TO ED
.2 POKE 2048,DL
.3 PX., =LXL + I

8 HX=INT( ." I 0)
90 WA=A-( HX* /.
./00 H,'+=HX*6+N
118 POKE 5892.', HX

*IlIl GO'--U.B I tP
I12 PRINT NEXT A
115 GOTO 380
II 7 REt'1 ... SIBROLITINE TO CALL MRCHINE CODE PROGRAM
118 REN AND PRINT RESULTS. 5TRTEttENTS 119-340)
119 330.
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AlS?1A7 BASIC Routine (Cont'd)

1-3)) pl=61.3,7t
I 40 SPl=PEEK <P1+2:)
153 5P=PEEKClP1~l3)
155 IF SP#$;Pl=0 THEN RE TURN
16t.7 FL =0 -

190 crA=PFFK,(pl.)
195 X=I/?2
200 IF X\'=PA THEN 230
210l B$ -R$ f " 0"

235 P=F-

J3 IF N. 5 THEN GOTO 200
2160 fPH=PEK'" Pl1.)
2170 FL =FL +l
2756$$+

I~ IF FL= Ir)HEli L30TO 193
290 P / =PEEK(P1 ..
300 D 23- oE TK, t,14

.30 Y( I +t2*26)2 6
.306 YV.0048SE :REM. DRTA IS OFF BY I.2BIT.4

3/6 VDINT( VD* 1 00000 )/"/ 0L-000
71 FRINT T.S$.;.; TR( 12.).;B$.TR(34).;Y TRB(50.) .; VP.; TAB(606>).-;M

3,3 0 t'1= 1+4
34013 O 1403
35 ERNt
350 REN ROUTINE TO OBTAIN 13ND~ PRINT SUBCOPI £ATh...

ri 5 PEN
7RO PRINT

40;i PR TMNT
40tl2 PR~INT TS$i "******** $9FRPME D.RTA R :~**

4 0.i 0dD-Z:'
4/ 1 ~iS -- i D
4 /5 PRINT PRINT
4.1 PRINT TS$.- "EiNCOPFR S./-N";SN
435 pRINT 1 5-t "iNORrP # ,.; i
4:Jt*c05uCy 2.2.!
4,37 PRINT T5$+"INPUT VOL TRLUE ".;VI
4 .''PRINT T -,$+ "PON4ER SUPPL Y VOL TAGE" .PS

44iJ PRINT
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Al SPBA7 BASIC Routine (Cont'd)

450 R$= "FRM# BINARV VRLUE CRLC VOL TRGE ERROR I
460 PRINT TS$+R$+TI$
4,78 POKE 8256. 0
486 POKE 8257., 231
525 FOR K=ST TO EP
530 FR=N( K.)
535 PRINT
540 POKE 2048., DL
545 DL =DL +I
550 HX= TNT(FR/ I0.)
555 NA=FR-( HX* /0)
560 HX=HX* 6+14R
570 POKE 59226HX
575 R=FR
580 GOSUB 119
590 NEXT K

600 IF VR)8 THEN END
619 PRINT:PRINT:PRINT
620 GOTO 55
900 REM
910 REM ..... LIST OF SUBFRRMF WORBS. FIRST DRTR
1 000 DRTR 1 ., 2.. 3.. 4.. 5.. 6. 7
/0/0 DRTR 64,. /35,95, /2, 128.. 75..160, /50., 19. /30
1020 DRTR -4. 9561.,0.-2 5440 0., 0.44... ..2. 54,9,0..4.950.
10 3. REM SET TO: -4 9.60.. -2 546.. 023.. 2. 54T.4•958
18.90 REM
1900- REM .... SUBROUTINE TO OBTRIN LINK.. TENPERRTURE. &
/910 REM INPUT VOLTR6E FROM OPERATOR AND TO
1920 REM PRINT DRTR HEADING.
1939 REM
2000 TI$=" SRMPLES"
2003 IF VR)0 THEN 2027
2005 PRINT
2007 INPUT " ENCODER S.'N".; SN
2009 INPUT " LINK";LI
2010 GOSUB 2200 :REM GET TIME RND TEMPERPTURE
2020 INPUT " POIJER SUPPL Y VOL TRGE" i PS
2025 GOSUB 2500
2026 GOTO 2035 REM DO NOT PRINT
2027 PRINT TS$.; "ENCODER S,.'".; SN
2030 GOSUB 2200 :REM GET TINE RND TEMPERRTURE
.2031 PRINT TS$+ "PO4R SUPPLY VOL TRGE".; PS
203; GOSU/B 2500
2Jt35 TS$=" "

2040 T$="NORD# RINRRY VRI.UE CRLC VOLTRGE ERROR
.. 0. PRINT
2.060 PRINT TS$+T$+T1$2070 PRINT
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Al SPBA7 BASIC Routine (Cont'd)

20e5 REM .... INITIRLIFE DL (THE OUTPUT PORT VRRIRBLE)
2085 IF 1.1=2 THEN i)L=24
2090 IF I..1=1 THEN DL=0'=
210-10 RETURN
2190 REN
2195 REM
2-''& REi TEMPERRTLIRE ROUTINE
2210 POKE 8256.. 00
2220 POKE 8257., 232 REM sFO80
22.3 0 J=0
2240. X=USR( J.)
2250 UI =PEEK( 76.>- REM GET UPPE'R BYTE $0300
2260 L2=PEEK(769.) RE'M GET LOINER BY TE
22170 VP=((" UI/ *4 )+1U2.)*. 004 8
2280 VP=INT((. 0s+V ,)* /.00.)
2290 TP=(VP-273..', REM1 OC=2. 7 II5V.300 POKE 8256..80 :REP1 $E850
2310 POKE 8257..232
2320 J=0
2330 X=USR( .I)
2340 T=5.9538 :REM $E892
2350 S=PEEK( T,
2360 M=PEEK( T+ I.)
2370. H=PEEK( T+2)
23,75 CE$=" TIME"
2376 CF$=' TEMPERRATIRE"
23 0 PRINT CE$. H.; ": ".,*. "; "S. TP.; "C"
2390 RETURN
250f, REM VOL TRGE ROUTINE
2520 POKE 4096.. VI ( VR)
25-30 POKE 4097, VI( VR+I )
254s) VI=VI ( VR+ 1.)
2560 PRINT " INPUT VOL TRGE". VI
2570 VR=VR+2
2580 RETURN

OK
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A2.1 SP-A AMC Main Frame Subroutine

10 0003 .. .SPHERE ...... FOR MRfN FRAME ORTR
20 0000 .; SP-R
30 ."00.0 .; /8.1,"
40 00343
50 0000 . SPNC IS THE MACHINE CODE FORM OF THIS PROGRAM.
60 0000
70 0000 .
8 0000 .; SUBROUTINE TO BE USED IN CONJUNCTION WITH BASIC
90 0000 TO LOOK AT DR TR FROM THE DECOM.... LSE WITH SPBR7
100 000.
110 0000 .; THIS ROUTINE SAMPLES A NORD /000 TIMES RND
120 0000 .; COUNTS THE # OF WORDS THAT ARE A LIKE. THERE
130 .; RRE ONLY 8 DIFFERENT BIT PATTERNS RETAINED.
140 0000 LOC6-$EFBO
141 0000" LOCI=LOCO+l
142 0000 LOC2=LOCO+2
143 0000 LOC3=LOCO+3
144 0000 LOCF=LOCO+15
150 E600 *=$E609
1603 E600 TRBLE =LOCO+16
170 E600
180 E600 R240 ZIPR LDX #$40 .; ZERO THE TABLE
190 E61.72 9900 LPR #0
20 E604 9DBFEF LOOPR STR LOCF, X
210 E607 CA DEX
220 E608 DOFR BNE LOOPR
230 E60R 1400 LDY #0
240 E60C 8CBOFF STY LOCO ; TOTAL SRMPLES=0
250 E60F R903 LOR #$3 ;SET HI BYTE OF # OF SAMPLES
26 E611 DB3EF STR LOC3
270 E614 R9EB LPR #$EB ;SET LOW BYTE OF # OF SAMPLES
280 E616 STR LOC2
290 E619 RA,:?EF TSRM LDR LOC2 .; GET # OF SAMPLES
300 E61C CO'OEF CMP LOCO
310 E61F F068 8EQ CKSRM
320 E621 C020 NOISE CPV #$20 IF=23 THEN "ITS REAL NOISY! !"
330 E623 F169 BEO END
340 E625 R200 TRBPT LDX #$00 ; SET TABLE POINTER=O
350 E627 R9043 LDR #$00 ; GET WIORD # FROM BASIC
360 E629 2C9.304 W4DCLK BIT $403 ; IS NORDD CLOCK HI?
370 E62C IOFB BPL tDCLK
375 E62E ER NOP ;DELAY
376 E62F ER NOP
380 E630 CDO094 LOOPB CHP $400 ; GET NORD ADDRESS
390 E633 DOF4 BNE W4DCLK
400 E635 EEBOEF INC LOCO .; INC THE TOTAL SAMPLES
410 E638 COOO CPY #00 ; IS THIS FIRST SAMPLE
4203 E63R DOlE BNE NEAIDRT
430 E63C RDO104 GETHI LDR $401 ; GET HI DATA (MSB"S.)
440 E63F 9DCOEF STA TRBLE, X .; PUT INTO TABLE
450 E642 ES INX
460 F643 R@00.2;04 LDR $402 . GET LOW DRTR
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A2. 1 SP-A AMC Main Frame (Cont'd)

470 E646 -9DCOEF 5TA TABL E.. X
480 E649 ES INX
4.90 e.64A FECOEF INC TA68L.E, X .;INC* SAMPLES FOR THIS' rPTfl
500 E640) 1005 ONE XF'LLS .;IF LO CNT0 ) :ftN
510 E64F ES INMY
520 E650 FECOEF INC TABLE.. X .;INC HI CNT
530. -£653 r1A DEX
540 E654 ES XPLLIS INX
550 E655 E8 INX
560 E 65 6 SR TXA . SE T Y=X
'570 E6,57 AS TRY
580 E658 10-RF BPL TSAM .; GO CHECK TOTAL SAMPLES
590 E65A ADO 104 NE14DAT LDA $401 .; GET HI DATA
600 E651) DDCOEF CMP TABL-ESX .;=TO TABL E VALUE?
610 E660 F043E PEQ TESTLO
620 E662 ES SE T.\3 I NX ;X=X+4

630 E663 ES 5ETX2 INX
640 E664 E8 RMNX
650 E665 E8 INX
660 E666 SF8 IEF S TX LOCI .;SAVE X TO CHP
678 E669CBE CPV LOCI .;DOE =
680 E66C DOEC SNE NEAMOAT .;0G GET NEXT TABLE VAL LE
690 E66E FOCC SEQ GETHI .0 GOFLT INTO TABLE
700 E670 ES TESTLO INS
7 10 E6711 AD0204 LPR $402 . GET L014 DATA
1720 £67.4 DDCOEF CHP TftBLEX ,=TO TABLE VALULE?7
730 £677 POER BNE SE TX2
740 £6b79 ES IN4

7 F. E7R FFI7OE-F INC TABLE., X .;INC THE SAMPL.E CNT
700 E671) F003 SEQ HISAM ;IF=O THEN INC HI SAMPLE CNT
1770 E6;7F 4CI9F6 RIP TSAM

758 682*- E S HISAM INX
790 E683 FECOEF INC TABLE.- X .;INC HI SARl CNT
500 £*6S6 4C1/9E6 iMP TSRM
810 E689 CEBR'EF CKSAI11 DEC LOC3 3DEC H I SRMPL. E CNlT
&Wg E68C /ee1 SPL SE TL 0
8.3(-.1 E£68E 60 END RTS
840 EbSF A9FF SETLO0 L D1 #$FF SF LT LO0 CN T
0950 i691 6D&?EF S TR LOC2
86770 E6":4 A900 LPR #SOO RFSE T CN T
870 iT9 6 13DROEF S TA L.OCO
80 669.9 4C19E6 imp T5IRM

PlEPlORY USED: P FE-3AC9

F300 4C 6
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A2,2 SP-AS AMC Subcom Subroutine

10 0880 0 SPHERE ........ FOR SUBCOM USE28 080 ; 180.'1/82
30 800
48 0800 ; SUBROUTINE TO BE USED IN CONJUNCTION NITH BRSIC
50 0000 ; TO LOOK RT DRTR USE SPHERE DECODER
60 00880
7e 0000 ., THIS ROUTINE SRMPLES A SUBCOM 4ORD 100 TIME S AND
8 880 . COLINTS THE # OF WORDS THRT ARE R LIKE. THERE
9 8800 PRAE ONLY 8 DIFFERENT BIT PATTf.'RNS RETRINED.

100O 000 LOCO =$EFBO101 0000 LOCI=LOC+ l
182 0008 L.OCZ=L.OCO+2
103 0000 LOC3=LOCO+3
104 8008 L.OC4=L.OCO+4
/05 0000 LOCF=LOCO+ 15
1/8 £70 *=$E780
120 E700 TRBLE =LOC8+ 6
138 E780
148 E700 R240 ZIPR LDX #S40 .; ZERO THE TRBLE
/158 E782 R.900 LDR #8
160 E704 9DBFEF LOOPA STR LOCF.,X
170 E787 CR DEX
180 E708 DOFR BNE LOOPR
190 E7OR R800 LDY #0
200 E7OC 9CBOEF STY LOCO
210 E7OF R90 LDA #WO38
220 E711 8DB3EF STR LOC3
230 E714 R964 LDR #W64 . SET SRMPLES=180
240 E716 SDB2EF STA LOC2
258 E719 RDB2EF TSAM LDR LOC2 . GET # OF SRMPLES
268 E71C CDBOEF CMP LOCO
278 E71F D003 BNE NOISE
280 E721 4CBFE7 JMP CKSRRN
298 E724 C828 NOISE CPY #S20 ; IF=28 THEN "ITS RERL NOISY!!"
388 E726 D083 BNE TRRPT
318 F,728 4CC4F7 J1P END
320 E72B R280 TRBPT LDX #S8O SET TRBLE POINTER=O
330 E72D R915 LOOPI LDR #$15 ;NORD 15
335 E72F ER NOP
336 E730 EP NOP
340 E731 2C0384 WDCLK BIT $403 IS IORDD CLOCK HI?
350 E734 I OFB BPL WDCL.K
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A2.2 SP-AS AMC Subcom (Cont'd)

360 E736 C0004 CPp $4 0f-. .; GET NORPD RDDRESS
370 E739 DOF6 ENE NDCLK
380 E738 RDO104 LDR $401 ; GET HI DRTR
390 E73E C900 CPIP #00 .; TEST FOR RLL ZEREOS
395 E740 DOEB ENE LOOPI .; (FR 0.,1D 15 IS RLL ZERO'S.)
400 E742 RDr0204 LDR $402 .; GET LO DRTR
405 E745 C900 CtIP #00
410 E747 DOF4 BNE LOOPI412 E749
41i E749 . FOUND FRRME 0 ,NOk LOOK FOR DESIRED FRRME.

415 E749 P900 LDR #00
420 E74E SPB4EF STR LOC4
425 E 74E .2-CO304 FRCLK BIT $403
4.30 E751 5WFE BVC FRCLK
440 E753 EEB4EF INC LOC4
445 E756 RD84EF LDR LOC4
450 E 759 C900 CiP #00 CMP NI TH DESIRED FRRME# (FROM BRSIC)
460 E758 DOFI ENE FRCL.K
4 70 E 75D R915 LR #$ .NORD /5
471 E75F 2CO304 1IPCLKI BIT $403 , IS NORD CLK HI?
4,72 E;762 I OFB BPL W[C..L K
4175 E764 ER NOP
476 £765 FR NOP
4,0 F766 C0004 CHP $400 .; GET WORD RDDfESS
4901 E769 DOF4 BNE WDCL.KI
500 E76 EEBOEF INC L.OCO
510 E76E COOO CPV #0 1 15 THIS FIRST SoMPLE?
520 E770 DOlE BNE NEWDRT
530 E772 RD0104 GETH) LDR $401 ; GET HI DRTR
540 E775 9DCOEF STA TABLE.,X . PUT INTO TRBLE
550 E778 ES INX
* h0 E779 RD0204 LPR $402 ; GET LOW DRTA
58'0i E77C 9tCOEF STR TRE?.E.
580 E77F ES INX
5")O E780 FECOEF INC TRBLE.X .; INC# SRMPLES FOR THIS DRTA
600 E783 ,005 ENE XPLUS ; IF LO CNT=O THEN INC HI CNT
6/0 E735 ES INX
520 E786 FECOEF INC TRBLE.,X . INC HI CNT
630 E789 CR DEX
540 E7SR E8 XPLLIS INy
550 E78 ES INX
660 E,8C Sh TXR . SET Y-X
6e70 E7-PP PS TRY

I
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A6
A2.2 SP-AS AWSubcom (Cont'd)

6890 E78E 108-9 BPL. T5AM .Go CHECK TO TAL SRMPL ES
6.90 E798 ADO1/04 NEAUDT LPR $401 ;GET HI DATA
700 F793 VIDCOEF CMP TABLt.E.. X TO TABL E VRL LE*?
718 E796 FOOF SE0? TESTLO
7e20' E.798 E8 SE T.'3 INX .;X=X+4
730 F,799 F8 5 E TX ? INX
740 E79R ES INS
750 E798 E8 INX
760 E79C SEBIEF STXV LOCI . SAVE X TO CMP

*-770 Ef?9F CCB 1FF CPV LOCI D; OES X=Y*?
780 E,7A2'- DOFC BNE NE14DRT .;00 GYET NEXT TABLE VALULE
7'90 F7A4 FGCC BFQ GF THI ;GO PUT INTO TABLE
890 E7R6 FS TES TLO0 INX
810 E,7P7 RD0204 LDR $402 .;GET LOU DATA
8 20 E719R DDCOEF CMP TABL.E,. X *; TO TABLE VALULE?
830- E lAD DOER SNE SE TX2
840 E,7fF ES INX
850 E788 FECOEF INC TABLE..X ;INC THE SAMPLE CNT
860 E,783 FOOJ BEG HI SAM .;IF=O THEN INC HI SAMPLE CNT
870 E785 4C19E7 JMP TSAM
880 E'788 ES HISRM INK
890 E79 ECE INC TABLE.. X INC HI SAM CNT
900 E,7BC 4C19IE7 imp TsAI'
910 E7BF CEB3EF CKSAM DEC LOC3 . DEC HI SAMPLE CNT
9?8 E7C2 1091 BPL SETLO
930 E,7C4 60 END RTS
940 E 7C A 9FF SETL.O LDA 9$FF .;SET LO CNT
950I EIC7 81B;?EF STR LOC2
960 ECA~t A.900 LDA WO9 . RESET CNT
970 E7CC SDBOEF STA LOCO

98 E,7F 4C19E7 JMP T5Aft

MEMORY USED: 31 FE-3C29
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A2.3 TSC.A AMC Temperature & Clock Routine

10 0000 TEMPERATURE CONVERSION ROUTINE
II 0000 RND RERL TIME CLOCK ROUTINE
12 0000
15 0000 I 1/S."82
16 0000
/8 0000 TSCLR (TEMPERRTURE SENSOR AND CLOCK ASSEMBLY)
20 E800 *=$E800
30 E800 LBYTE=$0301
40 E800 LIYTE=$0300
50 E800,
6-0 Ee0.
70 E800 .; INPUT ROUTINE TO CONVERT TEMP. TO DIGITRL
80 E808 R920 BEGIN LDR #$2
90 E882 S0008 STR $0800 .;TRIGGER IN (HIGH)
100 E805 R905 LDR #05 .; TRIGGER P14>1MICRO SECOND
110 E807 SD0417 STR $1704
120 ESOR 2C0517 DELAV BIT $1705 . M 1ICROSECOND
/30 ESOD 10FB BPL DELRY .A 14RI T 5 MICROSECONDS
140 ESOF
150 EBOF R900 LDR #00 .; TRIGGERS ON NEG. EDGE
160 ES1 I 8D0008 S TR $800
170 E814
180 E814 R20R LDX #10 .;TEST FOR EOC. PULSE
I" E816 CR HERE DEX
2M E817 FOE7 BEQ BEGIN
210 E819 2COI0C BIT $C01
221. E81C 1F8 BPL HERE
230 ESIE 2CO18C HEREI BIT $C01 .;RETURN MHEN EOC COMPLETE.
240 E821 30FB 8MI HEREI
250 E823 RDO I,"C LDR $C0 I
260 E826 2930 A9ND #$30
270 E828 4R LSR R
280 E829 4P LSR R
290 E82A 4R LSR R
300 E828 4R LSR R
310 E82C 8DO103 S.T LOYTE
328 E82F RDMOC LDA $Cf
330 E832 89D003 STA IpyTrE
340 E835 60 RTS
350 E836
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A2.3 TSCLA AMC Temperature & Clock (Cont'd)

400 E836 .; RE RL TIME CLOCK ROUTINE
410 E836
420 .836 ; $OP07 $E897 MONTH
430 E836 .;$OD06 $ES96 DRY OF MONTH
440 E8 36 ,$ODOS E$895 DRY OF 1'EEK
450 E836 .$D04 $E894 HOURS
460 E836 ., $0D03 $ES93 MINUTES
470 E836 ., $002 $ES892 SECONDS
480 8,36 . $0DO I $E89 1 HUNDREDS RND TENTHS
4.90 E836 .('0 $E890 TEN THOUSRNDS OF SEC
500 E836
5/ E836 TRB1.E=$E890
520 E850 *=$E850 .MLIST BE RT RDDR. 1,"RB4 HIGH
530 E850 R207 LPX #$07
540 E852 BDOOOD RGRIN LPR $0DOO, X
550 E855 R4 000 L.R $0D40
560 £858 9D9O£8 STR TABL.E., X
570 E858 2062E JSR HEX ;CONVERT SCD TO HEX
580 E85E CR DEX
590 E85F DOFI ENE RGRIN
60.0 E861 60 R TS
610 E862
620 E862 4R HEX' LSR R
630 E863 4R LSR R
640 E864 4A L!5R R
650 E865 4R LSR R
660 E866 AS TRY
670 E867 F08 BEC HFRE2
680 E869 IS CLC
690 E86R R900 LOR #00
700 E86c 6906 ADD f #$06
7101 E$6E 88
720 E86F DOFB SHE RDD
730 E871 8079E8 HERE2 STR SIB+I
740 E874 BD9.F, LDR TRBLE.. X
750. E877 38 SEC
760 £878 £900 .Ub' 5C #00
770 E87R 9..9E8 STR TRFLE., X
780 E87c 60 RFS

* MEMORY USED : I FE-379F

KIM
F300 4C G
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